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Picosecond X-Ray Scattering from Biological Photoreceptors
Keith Moffat.
University of Chicago, Chicago, IL, USA.
Synchrotrons emit X-ray pulses whose duration is controlled by the linear
dimensions of the electron bunches, which in turn are established by the char-
acteristics of the RF system. A typical zero current electron bunch length is
50 picoseconds and a more typical value for a useful current is ~100 picosec-
onds. When an ultrafast pump - probe, X-ray scattering experiment is con-
ducted with X-rays emitted by such bunches in pump - probe mode, the
time resolution is set at ~100 picoseconds by the X-ray probe pulse length;
the pump laser pulse duration and the jitter in their relative timing are
much shorter. This contrasts with X-ray free electron laser X-ray sources
such as the LCLS where the X-ray pulse duration can be much shorter, in
the femtosecond time range. However, the pump - probe approach to ultrafast
kinetics is applicable to both synchrotron and free electron laser sources. At
BioCARS sector 14 of the APS, both X-ray crystallographic and SAXS/
WAXS experiments have been successfully conducted on biological samples
with ~100 picosecond time resolution, on naturally light-sensitive samples
such as heme proteins and signaling photoreceptors. These studies will be
briefly reviewed.
Since not all systems are naturally light-sensitive and appropriate for pump -
probe approaches, we apply biologically-inspired protein design to confer
light sensitivity on otherwise light-inert systems. We carefully fuse a light
sensor, input domain to the effector, output domain that displays the desired
activity. This activity is thereby made light-sensitive, an approach known as
optogenetics (Moeglich and Moffat, Photochem.Photobiol.Sci. 9, 1286-1300
(2010)). Challenges in adapting this approach to femtosecond pump - probe
experiments at the LCLS will be presented.WORKSHOP 2: Imaging and Mass
Spectrometry
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Seeing and Measuring Stable Isotope Tags in Subcellular Domains with
Ion Microscopy
Claude Lechene.
Harvard Medical School, Cambridge, MA, USA.
Multi-isotope Imaging Mass Spectrometry (MIMS) is the combination of an
ion microscope-secondary ion mass spectrometer with tracer methods and
intensive quantitative image analysis. MIMS allows one to image the distribu-
tion and to measure the accumulation of molecules labelled with stable or
radioactive isotopes within subcellular domains in volume smaller than 1 cubic
micron. The lateral resolution is better than 30 nm, and the depth resolution is
a few atomic layers. Up to seven quantitative atomic mass images (or tags) can
be recorded simultaneously. A whole cell can be studied layer-after-layer and
rendered in quantitative 3D.
MIMS can provide unique information in almost all fields of biomedical
research, particularly in two broad areas: 1. metabolic turnover (protein, lipids
and sugars in sub-cellular domains using as precursors for example 15N-labeled
amino-acids or 13C labeled fatty acids) 2. cell lineage ( tracking individual cells
within large populations by labelingDNA, for example with 15N thymidine for
the salvage pathway and 18O for the de novo pathway).
Because stable isotopes are integral part of living organisms, they are not
toxic. This allows one to label DNA with a stable isotope precursors for period
of time that could reach years. And, this allows applications of MIMS to
human.
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Fish-Sims: Characterizing the Metabolic Potential and Interspecies
Interactions between Uncultured Environmental Microorganisms
Victoria Orphan.
California Institute of Technology, Pasadena, CA, USA.
The ability to link phylogenetic identity with metabolic function is one of the
longstanding goals in the field of microbial ecology. With greater than 99% of
the global microbial diversity missing from culture collections, there is
a critical need for alternative, culture-independent approaches that can extendbeyond diversity surveys and directly illuminate the ecological and biogeo-
chemical roles of microorganisms in nature. To this end, research incorporat-
ing the use of secondary ion mass spectrometry (SIMS and nanoSIMS)
combined with stable isotope tracers and molecular methodologies such as
fluorescence in situ hybridization (FISH) have opened new and exciting ave-
nues of research to study the metabolic potential of individual microorganisms,
microbial consortia, and symbiotic associations. Here, we will highlight the ap-
plication of FISH combined with nanoSIMS ion imaging to unravel complex
microbial associations and trophic relationships in marine ecosystems fueled
by methane.
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Multi-Modal Imaging of Supported Membranes using TOF-SIMS,
AFM and Fluorescence Microscopy
Linda J. Johnston.
National Research Council Canada, Ottawa, ON, Canada.
Multi-modal imaging methods that combine multiple contrast mechanisms
have been widely applied to study the localization and cooperative rear-
rangement of membrane lipids and proteins in supported lipid membranes,
as a model for the heterogeneity of natural cell membranes. We use a com-
bination of fluorescence spectroscopy and microscopy, atomic force micros-
copy (AFM) and chemical mapping using time-of-flight secondary ion mass
spectrometry (TOF-SIMS) to probe the organization of lipid domains in sup-
ported lipid monolayers and bilayers and to examine the distribution of lipids
and proteins in these domains. The application of these methods will be
illustrated with studies of the membrane reorganization promoted by both
direct and enzymatic incorporation of ceramide in supported membranes.
The enzymatic incorporation of ceramide by sphingomyelin hydrolysis is be-
lieved to cause coalescence of small ordered membrane domains to give
larger signaling platforms, thus providing a mechanism to aggregate mem-
brane receptors and enhance signaling efficiency. We have examined the
consequences of ceramide incorporation in supported membranes prepared
from ternary lipid mixtures that have coexisting fluid and liquid-ordered
phases. The direct incorporation of ceramide leads to the formation of
a new ceramide-rich ordered phase that is localized in small sub-domains
within the original liquid-ordered domains. Chemical mapping using TOF-
SIMS provides unequivocal identification of the ceramide-enriched phase.
Enzymatic generation of ceramide also produces ceramide-enriched islands,
but leads to a larger scale membrane reorganization that includes clustering
of individual domains, formation of areas of fluid phase that are devoid of
domains and formation of membrane defects. A combination of correlated
AFM and fluorescence imaging and the use of a custom-designed cholesterol
probe provide further information on the complex enzyme-mediated bilayer
restructuring.
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Relative Quantification of Exogenous Phospholipids Regulating Exocytosis
by TOF SIMS of Hydrated Single Cells
Andrew G. Ewing1, Ingela Lanekoff1, Michael Kurczy2, Peter Sjo¨vall3.
1University of Gothenburg, Gothenburg, Sweden, 2Chalmers University
of Technology, Gothenburg, Sweden, 3SP Technical Research Institute
of Sweden, Bora˚s, Sweden.
Phospholipids in single cells have been studied by time of flight secondary ion
mass spectrometry (TOF SIMS) in combination with a newly developed spring-
loaded freeze fracture device. The freeze fracture device sandwiches the cell
suspension between two silicon shards and is fast frozen in liquid propane at
liquid nitrogen temperature. This procedure provides a snapshot of the chemi-
cal distribution in a living hydrated cell. A TOF SIMS IV instrument from ION-
TOF GmbH equipped with a Bi liquid metal cluster primary ion source to im-
age cells under static conditions was used.
Single frozen hydrated rat pheochromocytoma (PC12) cellshave been used.
These cells have diameters between 10 and 20 mm and are commonly used
to study exocytosis. In amperometric studies we have found that incubation
with lipids can alter the rate of exocytosis, apparently by altering the membrane
composition. By use of a Bi cluster primary ion source, sub cellular images
of phospholipids in single PC12 cells have been obtained without the need of
exogenous labeling. Fragment ions from phosphatidylcholine (PC) are found
at m/z 184 and 224 and fragment ions from phosphoethanolamine at m/z 124
and 142.
Using the freeze fracture device we relatively quantify exogenous deuterized
phospholipids that are incorporated into the plasma membrane by PC12 cells
during incubation. Incubation under the same conditions as for the amperome-
try experiments results in membrane composition changes that are a fraction of
38a Sunday, March 6, 2011a percent, apparently indicating that a very small change in composition leads
to a significant change in the rate of exocytosis.WORKSHOP 3: Applications of Small Angle
X-Ray Scattering
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X-Ray Scattering (SAXS) Combined with Crystallography and Computa-
tion: Defining Accurate Macromolecular Structures, Conformations and
Assemblies in Solution
John A. Tainer1,2.
1Lawrence Berkeley National Laboratory , Berkeley, CA, USA, 2Scripps
Research Institute, La Jolla, CA, USA.
Protein, DNA, and RNA shape, assembly and interactions shapes, plus their
detailed structural chemistry, encode key information regarding pathway
choices and biological outcomes. We are developing SAXS combined with
crystallography as a premiere tool for defining macromolecular conformations
and connections suitable to join proteins to pathways and at the proteomic
scale1-2. Crystallography supplies unsurpassed structural detail for mechanistic
analyses; however, it is restricted to describing conformations of macromole-
cules within crystal lattices. In principle, SAXS can provide reliable comple-
mentary data on small and large macromolecules3. In practice, SAXS can be
limited by problems in optimizing samples and analyses, which can be reduced
or avoided. Our results on dynamic RNA, DNA, and protein complexes show
that SAXS has great potential to provide accurate shapes, conformations, and
assembly states in solution and inform biological functions in fundamental
ways4-5.
1. Hura, GL et al., & Tainer, JA (2009) Rapid and robust proteomics-scale so-
lution structural analyses determined efficiently by x-ray scattering (SAXS),
Nature Methods 6: 606-612.
2. Rambo RP, Tainer JA (2010) Improving small-angle X-ray scattering data
for structural analyses of the RNA world, RNA 16: 638-646.
3. Rambo RP, Tainer JA (2010) Bridging the solution divide: comprehensive
structural analyses of dynamic RNA, DNA, and protein assemblies by small-
angle X-ray scattering, Current Opinion Structural Biol. 20:128-137.
4. Williams RS, et al., & Tainer JA (2009). Nbs1 flexibly tethers Ctp1 and
Mre11-Rad50 to coordinate DNA double-strand break processing and repair,
Cell 139: 87-99.
5. Hammel M et al., & Tainer JA (2010) Ku and DNA-dependent protein
kinase (DNA-PK) dynamic conformations and assembly regulate DNA binding
and the initial non-homollogous end joining complex, J. Biol. Chem. 285:
1414-1423.
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Macromolecular X-Ray Solution Scattering with Third Generation
Synchrotron Sources
Thomas C. Irving.
Illinois Institute of Technology, Chicago, IL, USA.
One factor driving the resurgence in the popularity of macromolecular small-
angle solution scattering has been the availability of new small-angle scatter-
ing instruments on third generation synchrotron sources. The high intensity,
low background and the high sensitivity detectors available at these facilities
has allowed the collection of better signal to noise scattering patterns, over
wider ranges of scattering vector, and in less time. The result is more stringent
data for modeling efforts using ever more sophisticated codes. In addition, the
high fluxes and small beams delivered by these beamlines are ideal for mac-
romolecular folding studies using stopped flow and various continuous flow
micro-fluidic mixers. For folding studies, the primary advantage of SAXS
over competing solution techniques, most of which are sensitive to local struc-tural changes (such as florescence), is that it provides information on global
shape changes. Here I will review a number of these applications that have
been done at the BioCAT facility at the Advanced Photon Source, Argonne
National Labs as well as future prospects for wider application of these tech-
niques.
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Structure and Function of Biological Macromolecules in Solution:
The Unique Role of Small-Angle Neutron Scattering
Susan Krueger.
NIST, Gaithersburg, MD, USA.
Small-angle neutron scattering (SANS) is a useful tool for investigating the
structure of complex biological macromolecules in solution. Neutrons are
very sensitive to the scattering from the light elements such as hydrogen, car-
bon, nitrogen and oxygen which are of central importance to all biological sys-
tems. In addition, hydrogen and deuterium have very different neutron
scattering strengths so the isotopic substitution of D for H is routinely used
to change the scattering from a system without affecting its biochemistry.
The concept of SANS from biological macromolecules will be introduced,
with an emphasis on how SANS can provide unique insight into macromolec-
ular structure and function. Specific examples will be provided, including the
use of D-H substitution and contrast variation to determine the structure of
the individual components in a two-component complex.
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AAAþ ATPase Mechanism
B. Tracy Nixon1, Tatyana A. Sysoeva1, Baoyu Chen2, Saikat Chowdhury1,
Liang Guo3, Sacha De Carlo4, Jeffrey Hanson5, Haw Yang6.
1Penn State, University Park, PA, USA, 2University of Texas - Southwestern,
Dallas, TX, USA, 3Illinois Institute of Technology / ARNL,
Chicago / Argonne, IL, USA, 4City College of City University of New York,
New York, NY, USA, 5University of California, Berkeley, CA, USA,
6Princeton University, Princeton, NJ, USA.
AAAþ ATPases contribute to nearly all cellular activities. Nature builds these
machines as homomeric rings with catalytic sites residing between each pro-
tomer. A highly conserved catalytic core is modified with task-specific struc-
tural elements to generate a myriad of functions. Structural details about how
these motors work are becoming available. Here we describe studies of NtrC1,
a member of the NtrC subfamily of AAAþ ATPases that bacteria use to reg-
ulate gene expression from the s54-form of RNA polymearase. In NtrC-like
ATPases the specificity motifs are two loops called L1 and L2, with the latter
containing a ‘GAFTGA’ motif for direct binding to s54 of RNAP. Interaction
of the ATPase with the polymerase remodels the sigma factor enabling it to
melt promoter DNA so that transcription can begin. We show by SAS that
while NtrC1 variant E239A is unable to hydrolyze ATP it undergoes nucleo-
tide-driven conformational changes typical of the wild type protein and stably
binds to s54. An ATP-bound crystal structure revealed for the first time the
g-phosphate interacting with the catalytically crucial R-finger. Comparing
the new structure with a prior ADP-bound suggests that R-finger engagement
propagates a series of conformational changes on the R-finger side of the pro-
tomer/protomer interface, causing the L1-GAFTGA motif to extend several
Angstroms above the plane of the ring to bind s54. Neighbor/neighbor con-
tacts between protomers, notably in a rigid body formed between the bulk
of the L1- and L2-loops, suggest that nucleotide binding and subsequent con-
formational change will be complex, and likely cooperative. To test this hy-
pothesis we took advantage of recent developments at the BioCAT beam
line to perform static and time-resolved SAXS experiments to monitor confor-
mational changes as nucleotide occupancy progresses from apo to fully bound
state. The results reveal a series of changes with at least one intermediate
state.
